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media  a:;d  methods  of  culture  adapted  to  the  rsanimation  and 

..EXPLICATION  "IN  VITRO"  OF  MYCOBACTERIUM  TUBERCULOSIS 
OF  REDUCED  VITALITY,  EPHEMERAL  VIABILITY  OR 
IN  A  STATS  OF  QUIESCENCE 


Arwales  d.~;  1.  'Ir.stitut  P.r~.~  .-ur  P.  J.  Coletsos 

(Annals  of  the  Pasteur  Institute) 

Vol.  99.  p?.  ^75-^5.  I960 


The  hierarchy  of  values  in  the  isolation  and  identification  of 
Mycobacterium  tuberculosis  (K.  t.)  in  order  of  increasing  sensitivity  is 
as  follows: 

a)  Microscopic  examinations; 

b)  Culture  on  favorable  media; 

c)  Inoculation  into  laboratory  animals,  the  guinea  pig  in  par¬ 
ticular. 

Si. .c3  the  arrival  of  the  antib&cillary  agents  we  see  a  progres¬ 
sive  inversion  of  the  preceding  rule. 

1.  In  many  cases,  the  sensitivity  of  the  guinea  pig  is  less  than 
that  of  a  culture.  This  possibility  is  very  frequent,  we  ’know,  with 
Ii... -resistant  bacilli, 

2.  In  other  cases,  whose  number  increases  each  year,  while  c’mple 
microscopic  examinations  show  bacilli  and  sometimes  in  a  considerable 
number,  it  is  not  rare  to  find  nothing  with  culture  and  guinea  pig  inocu¬ 
lation. 

These  failures,  with  bacilli  which  are  morphologically  intact  for 
microscopic  examination,  do  not  seem  to  conform  and  are  in  discordance 
with  the  clinical  and  epidemiological  data. 


On  the  clinical  nlane.  with  the  persistence  of  active  anatomo- 
radiological  lesions  being  the  rale,  the  pathogenic  role  of  these  bacilli 
for  the  man  who  harbors  and  eliminates  them,  cannot  be  doubted. 

On  the  e^id-r.ioloplcal  plane,  some  observations  are  troubling: 

1.  While  most  of  the  contaminating  agents  spread  mono  or  poly- 
resistant  bacilli,  it  is  exceptional  that  strains,  isolated  from  patients, 
recently  affected  and  not  yet  treated,  are,  at  first,  resistant. 

2.  Even  though  chronic  tuberculars  eliminate  mostly  INH-resistant, 
and  thus  avlrulcnt,  bacilli,  their  entourage  is  exposed  to  risks  of  cer¬ 
tain  contamination. 

3.  Statistically,  in  spite  of  the  reduction  of  tuberculosis 
mortality  in  considerable  proportions,  tuberculosis  morbidity  is  still 
high  (1). 

All  of  these  questions  remain  unanswered  and  the  acceptance  by 
biologists  of  the  possibility  of  bacilli  called  ‘'visible  but  non-viable" 
makes  the  explication  and  interpretation  of  these  facts  still  more  diffi¬ 
cult. 


These  biological,  dinioal  and  epidemiological  problems  are  dis¬ 
tinct  in  appearance  but  directly  dependent  on  the  bacillus.  They  seem, 
however,  co  be  joined  together: 

1.  In  the  fundamental  heterogenic! ty  of  bacillary  populations. 

2.  In  biological  (metabolic,  enzymatic,  etc.)  modifications 
caused  in  bacilli  by  the  systematic  use  of  antibioties. 

3.  In  the  regression  of  the  vitality  and  virulence  of  most 
strains  of  tt.t. .  a  regression  which  does  not  need  to  be  exclusively  and 
integrally  attributed  to  antibacillary  agents  but  all  the  measures  which 
are  part  of  the  antituberoulosis  fight. 

These  ideas,  strictly  concerning  the  K.t.  in  vitro  culture,  raise 
ana  justify  a  certain  number  of  questions: 

1.  How  can  we  pretend  to  assure,  In  vitro,  the  ideal  physiologi¬ 
cal  conditions,  the  needs  for  salts  and  mineral  catalyata,  the  vitamina 
and  organic  substances  which  are  indispensable  fbr  all  and  aaoh  of  the 
elements  which  compose  a  bacillary  population? 

2.  Would  the  vital  needs  be  the  same  tor  the  bacilli  spontane¬ 
ously  expulscd  from  the  organism  (expectoration,  urine,  flstulised 
ganglion)  and  those  taken  by  force  by  puncture ,  biopsy  or  surgloal 
excision? 


Is  it  rational  to  envision  identical  conditions  of  lifet 

a)  For  bacilli  living  in  the  lung  in  free  communication  with  the 
bronchials,  and  those  imprisoned  in  encysted  loci? 

b)  For  bacilli  in  a  multiplying  phase  and  those  in  a  "quiescent 

state?" 

3.  How  can  va  effectively  supply  the  multiple  and  complex  needs 
of  bacilli  rhic.i  have  been  exposed  during  varying  times  and  in  various 
degrees  to  the  harmful  effects  of  chemotherapy? 

If,  as  should,  we  take  these  different  factors  into  considera¬ 
tion  (the  cultural  failures  being  there  to  remind  us),  we  are  forced  to 
admit  that  a  single  polyvalent  cultural  medium  will  not  be  simple  or 
easy  to  produce. 

The  bacteriologist,  searching  for  a  satisfactory  answer  to  the 
questions  above,  must  apply  himself: 

1.  To  assure  the  perennity  of  bacilli  which  transferred  in  vitro 
have  a  reduced  vitality  or  an  ephemeral  .viability.  Example:  these 
microcolor.i  which  abort  on  the  spot  or  painfully  arrive  at  a  macro¬ 
scopic  state  after  a  prolonged  incubation,  and  which  are  little  viable 
because  they  cannot  be  transferred. 

2.  To  reanimate  the  bacilli,  which  persist  and  live  slowly  in 
the  organism:  the  bacilli  in  a  Quiescent  state  (2,  3)  responsible  for 
relapses,  also  little  or  non-viable  ip  vitrq. 

3.  To  make  morphologically  intact  bacilli  which  are  disturbed  in 
their  metabolism  and  biosynthesis  aptitudes  to  the  point  of  being  in¬ 
capable  of  utilizing  the  nutritive  elements  present  in  our  cultural 
media,  live  outside  the  organism. 

In  that  respect  the  hypothesis,  according  to  which  these  bacilli 
would  find  substances  whose  nature  is  difficult  to  cjtermine  in  the 
human  body,  presently  seems  well  founded. 

Also,  before  reviewing  the  methods  to  remedy  these  difficulties, 
we  have  tried  to  analyse  and  study  two  large  orders  of  factors: 

1,  Extrinsic  factors  (4)j 

2.  Intrinsic  factors  (5)  of  M .  t. .  responsible  for  cultural 
failures  on  standard  media, 

Farallelly,  we  have  tried  to  explain  the  mechanism  of  going  into 
quioacer.ee  for  K, t,,  and  we  have  experimentally  demonstrated  the  possi¬ 
bility  of  reanimating  these  bacilli  in  vitro  (3,  5), 


From  all  of  our  research  these  facts  stand  out) 

a)  The  hamful  effect  of  extrinsic  factors; 

b)  The  importance  of  intrinsic  factors; 

c)  The  necessity  of  not  forgetting  the  fragility  and  vulnerabil¬ 
ity  of  l-.t.  in  regard  to  physical,  chemical  and  medicinal  agents. 

The*:-  considerations  seem  indispensable  to  us  to  place  the  problem 
of  tho  bacilli  called  "visible  and  non-viable"  in  its  correct  propor¬ 
tions. 

"INTERSTIKULATION"  PHENOMENON 


One  of  the  particularities  of  bacilli  with  reduced  vitality  and 
viability  is  the  "interstimulation"  phenomenon. 


’«*ih  bacilli  having  normal  vitality,  in  progressive  "dilutions," 
actually  more  and  more  extensive  dispersions,  the  number  of  colonies 
decreases  in  a  regular  manner,  vith  profit,  for  the  "dilution"  which 
follows  in  relation  to  that  uhieh  precedes.  Example;  for  500  colonies 
at  10“**  mg.,  vc  will  often  have  60  to  80  colonies  at  10*3  and  8  to  12 
colonies  at  10*®  mg. 

This  is  due  to  the  fact  that  groups  of  3  to  10  baeilli  each  give 
birth  to  a  colony,  in  the  same  way  an  iaolated  unit  and  groups  of  2  or  3 
bacilli  give  the  same  result. 

addition  of  a  spreading  agant  (Tween  80)  in  the  bacillary 
suspensions  makes  the  decreasing  curve  more  regular;  however,  a  slight 
advantage  persists  2br  the  intermediary  "dilutions,"  which  disappears 
for  the  high  "dilutions"  where  the  risk  in  the  division  of  units  is 
unforsec  .els* 

i'or  bacilli  with  a  diminished  vitality  and  in  identical  inocula¬ 
tion  techniques,  there  is  an  inverse  phenomenon.  Example;  going  from 
a  baollla;y  suspension  which  gives  50  colonies  per  tube,  to  the  follow¬ 
ing  1/10  dispersion,  the  success  of  the  culture  is  risky  or  ter>,  com¬ 
pared  to  a  constantly  positive  culture  of  a  strain  with  nomal  /lability. 

If,  in  addition,  the  dispersion  coincides  with  transplantation 
; chance  of  media),  tu  phenomenon  beooaoa  oven  more  remarkable  and  trans¬ 
ferring  is  always  negative  unless  large  bacillary  concentrations  arc 


The  "interstimulation"  or  "group  effect"  is  also  manifested  in 
some  circumstances  in  bacilli  having  normal  viability.  Examples  the 
success  of  a  pellicle  (veil)  culture  on  3auton's  medium,  which  requires 
a  state  of  intimate  contiguity  between  the  different  portions  of  the 
inoculant.  It  actually  suffices  to  disperse  the  inoculant  on  the  sur¬ 
face  of  the  media  or  to  prevent  the  contiguity  by  very  weak  vibrations 
for  the  pellicle  culture  to  fail  completely. 

The  "iniorstinulation"  or  "group  effect"  also  occurs  in  vivo, 
fer  example  in  the  release  of  experimental  tuberculosis  in  little  recep¬ 
tive  laboratory  animals  (rats,  mice),  where  inoculations  of  small  amounts 
of  bacilli  produce  no  effect. 

Isn’t  there  reason  to  establish  a  relation  between  these  biologi¬ 
cal  circumstances  and  the  cases  of  first  infections  occurring  in  the 
immediate  entourage  of  patients  eliminating  bacilli  reputed  to  be 
avirulent  or  r.on-viable? 

Consequently,  during  the  transplanting  of  bacilli  from  their 
usual  life  medium  to  a  very  different  and  less  favorable  medium  (this 
is  always  the  case  for  a  first  culture),  the  "grot?)  effect"  can  be  use¬ 
ful  for  uacilli  with  a  normal  vitality  and  absolutely  indispensable  for 
bacilli  '  ;h  a  reduced  vitality,  because  they  support  and  reenforce  each 
other. 

V.xUi  this  line  cf  thinking  and  with  the  goal  of  improving  the 
chances  of  success  with  the  first  culture,  we  have  attempted  to  prove 
the  role  of  extemporaneous  contributions  of  live  or  dead  baoillary 
bodies  o  inoculation. 

1  this,  we  used  either  dead  bacilli,  or  human  or  bovin  type, 
or  V  jc  typo,  killed  by  tyndallization  or  U.V.  radiation  and  with 
the  vub  ..a in  (unfavorable  factor  for  in  vitro,  culture)  remove  or 
eiw.er  i.va  bacilli  not  growing  at  38°  C  liu.  -balncfl.  type). 

V  ;  amallnoss  of  the  results  obtained  in  both  cases  can  be 
att.'tbu  i  to  the  destruction  of  enzymes  during  tyndallization  and  to 
*»nzy. .at.*  differences  between  K._balrmt  and  E.W 


c^l-cornl.us^n  for,  tM  first  culture:  as  much  as  possible 
avoid  diw  rsion  of  the  baoilli  present  in  a  pathological  product  each 
time  the  '..ability  and  vitality  of  the  bacilli  in  it  are  doubted. 

CHOICE  OF  A  FAVORABLE  MEDIA  FOR  THE  FIRST  CULTURE  OF 


Ox  x  purely  scientific  plane  one  can  only  be  satisfied  with  the 
•develop*^.  -  of  one  or  more  synthetic  media  which  assure  the  in  vitro 
culture  o.  bacilli  called  nonaal  and  those  called  "visible  but  non- 
viabie. " 
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'..'nils  waiting  for  this  to  occur  through  th©  combined  research  of 
biochemists  and  bacteriologists,  two  typos  of  media  seem  presently  to 
answer  host  the  requirements  of  the  K.t.  first  culture. 

1.  THE  SEMI  -SYNTHETIC  MEDIA.  —  Those  of  Dubos  (6,  ?,  8)  and 
Youmans  (9),  in  a  liquid  state  assure  an  accelerated  multiplication  for 
K . t%  It  is  thna  normal  that  media  of  this  type,  solidified  by  the  addi¬ 
tion  of  agar,  ho  used  for  the  first  culture  of  K.t.  (10,  11}.  However, 
their  use  is  limited  by  the  fact  that: 

a)  Frequent  contaminations:  unfortunately,  the  addition  of 
penicillin  to  protect  them  has  a  prajudical  effect  on  the  dcvelcgnent  of 
bacilli  with  reduced  vitality  and  viability;  the  same  occurs  with 
malachite  green  when  it  is  added  in  a  titer  higher  than  20  fig/cn3  while 
in  egg  medium,  the  titer  of  200  jug/cm3  (ten  times  higher)  does  not  have 
the  same  disadvantages. 

b)  Their  lower  sensitivity  compared  to  that  of  the  egg  medium, 
Jensen's  medium  in  particular,  for  the  isolation  of  M.t.  from  pathologi¬ 
cal  products  (12,  13,  14). 


c)  Difficulties  with  morphological  evaluation  and  individual 
study  of  ho  colonies. 

2.  TIE  SOLID  E30  MEDIA.  —  Since  Dorset's  media  (15),  many 
preparations  have  been  proposed:  Lovenstein  (16),  Herold  (17), 
Petragnard  (18),  American  Trudeau  Society  A.T.S.  (19).  Jensen  (20). 

Of  all  those  media  the  most  sensitive,  incontestably  is  Jensen's  with 
0.75*  glycsrln. 


MEDIA  ADAPTED  TO  THE  JIRST  CULTURE  OF  H.  tuberculosis 
HA VINO  A  REDUCED  VITALITY  AND  VIABILITY 

As  early  as  1950,  thus  before  the  diseoveiy  of  INH,  oertain  cul¬ 
tural  failures  from  surgically  extracted  material  led  us  to  search  for 
the  possible  causes  (21), 

Elsewhere,  oertain  Contaminations,  either  by  mold  or  other  gome 
have  the  .  irticularity  of  lowering  the  pH  of  th  medium,  consequently 
yielded  positive  H-Jn.  oulturos  while  the  intaot  tubes  remained  negative. 
Also,  in  semo  positive  M.t.  tubes  we  found  a  manomotrio  depression  of 
-  10,  -20,  and  -  30  cm  of  water  while  the  homologous  tubes  with  normal 
pressure  remained  negative.  These  two  facts  ltd  us  to  study: 


1.  The  role  of  the  substances  secreted  by  the  contamination 


gems: 


2.  The  influence  of  pH  of  the  medium  on  during  incubation: 
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The  role  of  an  atmosphere  poor  in  O2  (5.  22) 


Parallclly,  wo  tried  to  study  the  influence  of  some  veil  defined 
chemical  products,  vitamins ,  anino  acids  and  a  range  of  vegetal,  microbial 
or  animal  extracts  or  filtrates  on  the  culture  of  K.t. 

Our  c.—.'-riments  these  last  10  years  have  borne  mostly  on  bacillary 
populatic as  ..ouuly  coming  directly  from  man,  the  collection  .'trains  being 
little  demonstrative  under  the  circumstances. 

Our  goal  was  to  identify  and  select  the  products  or  substancos 
favorable  to  the  development  of  bacilli  having  a  reduced  vitality  and 
viability. 

Tho  jssivc  slowness  of  our  investigations  was  due  to  the  fact 

that: 

a)  The  culture  of  uysgonic  bacilli,  in  the  etymological  sense 
of  the  ter..,  often  takes  three  or  more  months; 

b)  The  products  which  are  non-pro judicial  to  the  development  of 
normal  bacflii  and  favorable  for  bacilli  with  reduced  vitality,  a*« 

ra tiier  rc;\.; 

c'  .he  margin  between  the  threshold  of  activity  and  tho 
throsholu  of  tolerance  for  each  of  these  products  and  substances  is  very 
thin,  inis  is  the  case  for  Mn,  vitamins  and  a  number  of  amino  acics  (k^). 

ileo,  we  ware  not  astonished  that  instead  of  vitamins  and  amino 
ac:  .5  v.  ...  ;hcir  inconsistenv  and  often  contradictory  effocts,  we  pro- 
fe.v  d  to  use  oliroclcmants  whose  role  as  catalysts  capable  of  starting 
i  -  ,tv  w_osy..vhesis  is  much  more  interesting. 

..'■rii.ua  pyruvate  and  glutamato  as  well  as  litnua  blue  (Madagascar 
li  .ns)  held  our  attention  and  became  part  of  tho  base  medium  wo  pro¬ 
ps..,  oc,  uso  of  their  stimulating  action  on  a  vide  range  of  h.t.  (24). 

.  c  role  of  ossein  in  the  medium  will  be  doscribod  further  on. 

Car  bare  medium  always  assures  the  jjr,  yj  t.ro  development  and  nul ti¬ 
pi:  r  tiu/.  of  the  large  majority  of  bacilli  with  normal  or  slightly  re¬ 
duced  v.  .llty.  The  composition  and  preparation  method  of  this  medium 

arc  give.,  on  tho  following  pages. 

■•aver,  for  soao  bacillary  populations  mostly  composed  of  bacilli 
r  :  .  i»*s  verbed  in  thoir  metabolism  and  enzymatic  functions,  and 

l  ..{!  cf  *!;is,  incapable  of  synthesising  in  vltrr>.  the  extemporaneous 
..i  .i'.hv..  of  substances  havin'*  organic  vegetal  (mushrooms* 

.  ,  ..\lli.n),  microbial  (extracts  bodies  of  common  gents  or 

(organ  extracts)  orig  *c  ‘Toensable. 
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But  the  selection  of  substances  of  organic  origin  is  still  deli¬ 
cate  and  difficult,  because  they  are  subject  to  nore  variations  than  the 
wall  defined  chemical  products. 

In  conclusion,  if  we  have  opted  for  monkey  organ  extracts,  cer¬ 
tainly  the  delux  solutions,  but  imposed  by  the  very  particular  require¬ 
ments  of  the  "visible  and  non-viable"  bacilli,  it  is  because  the  organ 
extracts  from  other  less  precious  animals  —  rabbit,  guinea  pig,  veal, 
ete.  —  have  been  found  to  be  less  effective. 


Table  1.  —  Total  composition 


Pasteur  Institute  T.B.C.  Medium 

Base  Medium  (Composition) 

For  1  liter  of  eggs. 

For  a  100 

yields  1,600  liters 

ml.  medium 

of  medium 

yield 

Konopotassiua  phosphate 

2.4  g. 

0.15  g. 

Magnesium  sulfate 

0.24  g. 

0.015  g. 

Magnesium  citrate 

0.6  g. 

0.0375  g. 

L  Asparagine 

3.6  g. 

0.225  g. 

Sodiun  Pyruvate 

1.6  g. 

0.1  g. 

Sodium  Qlutamate 

1.6  g. 

0.1  g. 

Litmus  blue  R.A.L. 

0.4  g. 

0.025  g. 

Anthracite  Ashes 

0.16  g. 

0.01  g. 

Oligodynamic  solution 

1.6  ml. 

0.1  ml. 

Bidistill ed  glycerin 

12  ml. 

0.75  ml. 

Pota toe-starch 

16  g. 

1  «• 

2>  Malachite  Green 

16  ml. 

1  ml. 

Distilled  water 

440  ml. 

27.5  *1. 

40,  pH  6.8  steril  casein 

160  ml. 

10  ml. 

|| 

• 

3 

800  ml. 

50  ml. 

200  ml. 

12.5  ml. 

QQjtfUM  (base  eediua  ♦  20f  exuded  ossein) 

"iHULfilfift*  Cal  tuna 

Same  composition  as  the  base  median,  only  the  ossein  titer  is 
different i  use  160  ml.  of  20Jt  ossein  instead  of  160  ml.  of  4)1  ossein 
in  the  base  mediae. 


CONSTITUTING  ELEMENTS 


Solution  of  salts 

(For  1  litar  of  eggs  or  1,600  lltars  of  nedi») 

Pour  into  a  pyrex  balloon  flask > 

Konopotassiim  Phosphate . . . .  2.4  g 

Marne  slum  sulfate . . . . . .  0.24  g 

liar  ••nivsa  Citrate  . . . .  0.6  g 

1  Asparagin . . .  3.6  g 

Sodiun  Pyruvate . . . . . . .  1.6  g 

Sodium  Glutamate . . . . .  1.6  g 

Litmus  blue,  hydro  soluble  lichens  R.A.L . .  0.4  g 

Bidistilled  glycerin .  12  ml 

Distilled  water . . . . .  440  ml 

To  be  dissolved  by  heat  in  a  boiling  water  bath  (the  oolor  is  that 
of  an  onion  skin).  The  pH  is  4.4. 

QUrndYitials  l«ittUfln,oITA..gorth^at  tod SL  fltrtnnfl  (25) 

(See  noU) 

Motet  The  oomplete  original  formula  contains  (30 4)^02,  50  g.  per  liter, 

.  1.  At.  _ I  _  e  V  i  -A  _A.J  -L  e  1  .  i A  .  J  ^ 


HiO  .  1  000  ml 

SO,Mn  rHiO  .  3  g 

SO.Cs  SHiO . . .  0.50  c 

CUM  6H,0  .  0,05  g 

CWCO  6M-0  .  0.05  ( 

(SO.),  TU  .  0.90  ( 

ioum  nuo . .  0.10  g 

SCVCu  58,0  .  O.OS  g 

SUCI  ituo  .  0,10  g 

BOA  .  0,05  g 

AMb  «r»  .  1  ml 


Pour  the  different  products  in  water  in  the  above  indicated  order 
and  agitate  each  time. 

Agitate  energetically  after  the  final  addition  of  sulfuric  sold 

(1  ■!.)• 

Wait  15  minutes. 

Filter  on  paper. 

Divide  into  5  ml.  ampules  and  flame-seal  them. 

Autoclave  JO  minutes  at  110°  C. 


9 


t 


Preserve  in  the  freezer  at  4°  C. 

Duration  of  preservation:  one  year  or  sore. 

(1.6  ml.  for  1  liter  of  eggs  or  0.1  ml.  for  100  ml.  yield  or 
median) . 

Other  oligoelements  —  Outside  of  those  contained  in  ossein,  those 
contained  in  very  finely  sieved  anthracite  ashes,  sterilised  in  a  Pasteur 
oven  (0.16  g.  per  liter  of  eggs  or  0.01  g.  for  a  100  al.  yield  of  medium). 

,  ...flaartn 

(to  be  prepared  in  advance) 

Pour  960  al.  of  distilled  water  in  a  large  receptacle  with  a  large 
opening.  Heat  in  a  water  bath  at  100°  C. 

Gradually  add  40  g.  of  ossein  (crude  gelatin)  while  stirring  with 
a  glass  rod. 

After  it  is  completely  liquefied,  bring  the  pH  to  6.8  with  the 
help  of  a  6$  caustic  soda  solution,  in  the  presence  of  an  indicator. 

Filter  in  a  heated  state,  under  a  vacuue,  on  paper  and  in  a 
Buchner  filter. 

Still  in  a  heated  state,  divide  the  ossein  in  Pyrex  balloon  flasks, 
with  60  and  160  ml.  per  flask. 

Autoclave  for  30  minutes  at  110°  C,  raising  the  temperature  very 
slowly  after  the  liqusflcation  of  ossein  in  a  37°  C  oven  for  one  hour. 

After  autoclaving,  close  with  a  rubber  stopper  to  avoid  evapora¬ 
tion  and  store  in  rkness. 

Always  verify  the  appearance  before  using:  clear  yellow  oolor, 

Jaaaaaanfr 

20#  ossein,  for  BQ  median;  "sous  caoe^  culture. 

(Base  median  +  exuded  ossein). 


Distilled  water  . .  800  ml. 

Ossein  (crude  gelatin)  . .  200  g. 


Same  preparation  as  for  ossein. 

After  neutralization  to  pH  6.8  and  autoclaving  JO  minutes  at  110° 
C,  divide  in  Pyrex  balloon  flasks  with  80  and  160  ml.  per  flAik. 


v 
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fopkgy.grg&P.BMlPi  -Uvg£t 
(For  "double  layer"  culture) 

A  young  cynocepbalus  aonkey.  free  from  all  infirmities  and  para¬ 
sites  and  having  never  served  for  ether  experiments,  after  general 
anesthesia  with  chloroform,  is  bled  white  by  cardiac  puncture  and  section 
of  the  two  carotid  arteries. 

The  liver  is  removed  after  laparotomy  performed  with  extreme 
precautions  for  surgical  asepsis. 


The  bile  vesicle  and  the  hepatic  canals  are  fully  excised  and 
eliminated. 


The  liver  is  immersed  in  tepid  sterile  distilled  water*  It  is 
then  cut  into  small  pieces  and  weighed. 

After  rinsing  in  sterile  distilled  water  to  eliminate  the 
lacquered  blood,  the  pieces  of  liver  are  minced  with  scissors  and  re¬ 
duced  to  pulp. 

Add  three  times  its  weight  of  bidi stilled  sterile  water  (300  ml. 
of  water  for  100  g.  of  liver). 

Filter  through  two  thicknesses  of  gauze. 

Distribute  in  tinted  ampules. 

Then  seal. 

Tyndall ize  in  the  oven  at  54-56°  C. 

Make  sterility  test. 

Preserve  in  the  freezer,  at  4°  C.  Delay  of  utilisation:  six 
months.  For  kidneys,  same  preparation  processes.  For  the  brain,  grind 
and  add  six  times  its  weight  of  sterile  bidistilled  water.  The  extracts 
of  lyophilized  organs  are  slightly  less  active  than  pulp  preserved  in 
the  freezer,  at  4°. 


MEDIA  PREPARATION  METHOD. 

I.  —  In  a  Pyrex  balloon  flask,  having  a  3  liter  capacity,  con¬ 
taining  glass  balls  and  16  g.  of  potato-starch  previously  autoclaved  30 
minutes  at  110°  C,  add  the  solution  of  salts  prepared  in  advance. 

The  flask  is  placed  in  a  boiling  water  bath  and  is  agitated  con¬ 
stantly  until  complete  homogenization  (about  15  minutes).  The 
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temperature  of  the  water  bath  is  then  lowered  to  56°  C  and  maintained  for 
one  hour. 

II.  —  A  few  minutes  before  taking  the  flask  from  the  water  bath, 
add  0.16  g.  of  finely  sieved  sterile  anthracite  ashes  and  1,6  g.  of  A. 
Berthelot  and  0.  Bertrand's  oligodynamic  solution  to  the  potato-starch 
-salts  mixture.  Agitate  energetically  and  leave  for  a  few  minutes  at 
56°  C  (the  rosy  tint  of  the  mixture  will  intensify). 

III.  —  Fresh  eggs  (from  a  supervised  fan*)  with  white  and  dark 
shells,  are  previously  brushed  in  naming  water  and  Immersed  in  non- 
denatured  90°  alcohol  for  one  hour  and  are  then  broken  one  by  one  and 
floured  into  a  graduated  cylinder. 

Measure  800  ml.  of  whole  eggs  and  200  ml.  of  yolks  alone.  These 
eggs  are  beaten  and  homogenised  for  10  minutes  with  the  help  of  a  glass 
rod. 

IV.  —  Pour  the  homogenised  eggs  into  the  solution  of  salts  taken 
from  the  water  bath  15  minutes  earlier  to  avoid  the  lb  nation  of  clots 
from  contact  with  a  too  hot  solution  (the  mixture  ie  the  oolor  of  caramel 
crass). 

V.  —  Filter  through  gauze  (three  thicknesses)  with  all  sterile 
precautions. 

Before  passing  to  the  following  steps  which  oonstitute  the  final 
operations  in  the  aediua  preparation,  a  triple  choice  ie  offered: 

a)  Either  prepare  all  as  base  medio*  (B); 

b)  Either  prepare  all  as  B0  median  (base  +  exuded  ossein); 

o)  Either,  ae  we  recommend,  prepare  half  as  base  medio*  (B)  and 
half  as  B0  mrdioi. 

flzrt.steiso'- 

«)  total. aim MtkJtokLto*jaatom  (b). 

For  this; 

1.  In  a  balloon  flask  containing  160  ml.  of  ossein,  sterile 
and  at  pH  6.8,  previously  liquefied  by  water  bath  heating  or  by  a  30 
minute  stay  in  a  37°  C  oven,  pour  16  au  of  2$  malachite  green  and  agi¬ 
tate  energetically. 

2.  Pour  the  ossein  mixture  +  mala  chits  green  in  the  fUsk 
containing  the  eggs  and  the  solution  of  salts  end  agitate  just  until 
thv  medio*  has  an  homogenous  oolor. 
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3.  Place  the  terminated  medium  in  the  oven  at  37°  C.  for  an  hour 
before  proceeding  to  the  division  into  170  x  1?  m .  notched  tubes. 

Sesgafl  sfeaig* 

b)  Ifftal  (bas«  ♦  20*  ossein). 

For  this: 

Add  16  ml.  of  2$  malachite  green  to  a  balloon  flask  containing 
160  ml.  of  20£  sterile  ossein  having  a  6.8  pH  (previously  liquefied). 

Then  proceed  exactly  as  for  the  base  medium. 

Third  choice: 

c)  Half  of  the  voluae  made  into  base  medium  (B) ;  half  made  into 
BO  medium. 

*....  8  ml.  of  2$  malachite  green  and  80  ml.  of  4£  ossein.  Stir 
energetically  and  place  the  flask  in  the  oven  at  37°  C.  for  an  hour. 

jp  fralfoon  flask  II  (BO  media  for  the  "sous  cape"  culture). 

To  710  ml.  of  media  add  a  mixture  of  8  ml.  of  2$  malachite  green 
and  80  ml.  of  20^  ossein.  Agitate  energetically  and  place  in  the  oven 
at  37°  for  an  hour. 


DISTRIBUTION 

r»  Distribute  the  base  medium  in  flask  I  and  the  B0  medium  in  flask 
'll  separately  and  successively. 

The  medium,  after  a  one  hour  stay  in  the  37°  oven  mill  be  agi¬ 
tated  energetically  and  then  distributed  into  sterile  1?0  x  17  mm.  tubes, 
notched  at  6  cm.  from  the  neck,  vith  6.5  ml*  per  tube. 

It  is  important  to  agitate  the  flask  from  time  to  time  during 
distribution  to  avoid  sedimentation  of  the  medium:. 

Coagulation  will  be  produoed  by  humid  heat  (coagulator  saturated 
vith  purified  vater  vapor)  in  a  single  session,  at  8^  for  45  minutes. 


’Translator's  note:  The  last  four  lines  of  page  486  were 
oovered  by  another  page  when  the  xerox  was  made. 
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The  media  will  be  coagulated  in  a  strictly  horizontal  position,  the 
5  mm  deep  notch  makes  this  operation  very  easy.  Surface  offered  for 
culture,  15  car. 


OSSEIN  EXUDATION  OF  THE  BO  MEDIUM. 

Only  the  BO  medium,  having  received  20£  ossein  will  exude  a  por¬ 
tion  of  this  ossein  at  the  lower  portion  of  the  medium.  To  obtain  this 
exudation,  operate  as  follows: 

As  soon  as  they  leave  the  coagulator,  the  tubes  containing  BO 
medium  are  arranged  in  a  strictly  vertical  position  very  dose  to  each 
other,  in  a  box  with  several  racks  and  placed  in  a  warn  room  or  in  a  30° 
oven  for  about  12  hours. 

This  finished,  the  tubes  are  capped.  A  0.3  ml.  gel  occupies  the 
bottom  of  the  tubes  which  will  be  preserved  in  the  freezer  at  4°  while 
the  tubes  of  base  mediua  (B)  can  be  stored  anywhere  after  coagulation. 

We  believe  that  all  the  egg  media  should  be  preserved  shielded 
from  daylight  because  a  few  hours  exposure  lower  their  sensitivity  to 
50S l. 

For  media  which  must  be  inoculated  within  eight  days  after  prepara¬ 
tion,  preservation  in  the  &  freezer  has  no  advantage. 


RESPECTIVE  INSTRUCTIONS  FDR  THE  MEDIA 
AND  CULTURAL  METHODS 

In  a  very  schematic  manner  the  respective  instructions  for  the 
media  and  the  cultural  methods  suggested  are  the  following: 


1.  For  bacilli  called  or  thought  to  be  normal,  coming  from 
respiratory  tracts  (expectoration,  gastric  tube,  bronchlo-aspiratlon, 
laryngo-tracheal  samples)  and  in  a  general  fashion  for  all  the  bacilli 
in  active  multiplication,  the  best  results  —  in  nwber,  rapidity  of 


apnea ranee  and  luxuriance  of  colonies  —  are  obtained 
CflLta  JMrteSflJBMltan  ln  the  usual  manner. 


2.  For  bacilli  having  an  extra-pulmonary  origin  (urine,  L.C.-R., 
S.F.  discharges  and  biopsy  samples)  the  best  results  are  obtained  by 
"sous  cape"  culture  of  BO  medium  (base  medium  +  20 jt  exuded  ossein  on 
the  lower  portion  of  the  mediua).  By  this  method  the  bacilli  ere 
covered  by  a  thin  pellicle  of  ossein  which  protects  them  fin m  oontact 
with  atmospheric  air  during  the  initial  phase  of  culture  ifclle  allowing 
them  to  have  acoess  to  free  air  after  a  certain  maber  of  oollular 
divisions. 
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This  cultural  method  facilitates  the  in  vitro  development  of 
"quiescent"  bacilli  and  the  bovis  variety  of  M.t, .  which  as  we  know, 
preferably  causes  extra -pulmonary  lesions. 

3*  "Nutritive  double  layer"  culture,  and  especially  culture  in 
the  presence  of  organic  extracts  coming  from  the  monkey*  seems  to  be 
indicated  and  more  effective  when  the  bacilli  are  suffering  and  incap¬ 
able  of  pronounced  in  vitro  biosynthesis. 

This  cultural  method  is  produced  by  introducing  V  drops  of  monkey 
organ  pulp,  prepared  and  preserved  as  above,  into  tubes  of  base  mediae 
(B)  or  BO,  just  before  inoculation. 


INOCULATION  TECHNIQUE 

Of  all  the  precautions  given  (4),  the  most  important  are: 

1.  Stop  antibiotic  therapy  the  days  which  precede  the  sampling. 

2.  Use  fresh  samples. 

3.  Never  use  9  per  1000  salt  water,  or  physiological  water,  in 
the  manipulations. 

4.  Avoid  rapid  and  extensive  centrifugations. 

5.  Avoid  homogenisation  purification  Ibr  sterile  samples 
(L.C.-&.,  sterile  S.7.  liquides,  etc,). 

6.  Treat  the  infected  products  for  the  minimum  of  time  with  the 
weakest  concentration  of  the  homogenising  substance. 

7.  Place  the  media  in  the  37°  oven  for  30  minutes  in  a  vertical 
position  before  inoculation. 

8.  Make  sure  the  culture  media  are  never  exposed  to  sunlight. 

9.  Use  enough  tidiest  four  tubes  for  each  variant  which  will  be 
inoculated,  preferably  with  a  graduated  pipette,  with  0.25  ml.  per  tube 
(see  note). 

10.  Cap  the  tubes  immediately,  the  residual  humidity  being 
favorable  for  the  culture  starting,  and  place  them  in  the  oven  in  a 
horlsontal  position  aligned  either  on  a  rack  provided  for  notched  tubes, 
or  on  a  plateau  provided  with  a  full  glass  rod  placed  under  the  notch 
of  the  tubes. 

Note;  If  B0  medium  (base  medivxa  ♦  ossein  eonveyed  and  exuded  fay 
the  medium)  is  not  used,  it  is  still  very  easy  to  have  a  "sous  cape* 
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culture.  For  this,  to  several  tubes  of  coagulated  base  mediua  add  V 
drops  of  previously  liquefieu  ossein,  in  a  sterile  Banner  and  before 
inoculation. 

Note  that  along  with  monkey  organic  extracts,  all  types  of  asso¬ 
ciations  with  vitaains  or  other  substances  can  be  produced  extempo¬ 
raneously. 


RESULTS 

They  are  a  function  of  the  origin,  the  nature  and  the  physio- 
pathological  conditions  of  the  bacilli  in  the  saaple. 

Colony  appearance.  —  In  comparison  with  Jensen's  aediun,  the 
colonies  are  mors  htmid  and  their  morphology  varies  according  to  the 
samples  spread,  raised,  crown  shaped  or  depressed  in  the  water  (sheet  I, 
Fig.  1  and  2). 

Precocity.  —  In  relation  to  Jensen,  they  are  all  the  more  preco¬ 
cious  as  the  bacilli  which  give  rise  to  them  are  no  re  disturbed  in  their 
metabolism.  The  advanoe  is  not  very  significant  for  nomal  vitality 
bacilli  but  is  on  the  order  of  one  to  several  weeks  for  lacking  and 
dysogonio  bacilli. 

Luxuriance.  —  No  natter  what  nature  and  type  of  bacilli  are  used, 
the  siae  of  the  colonies  obtained  is  always  greater  than  on  Jensen's 
medium.  It  varies  from  1  to  10  m  in  diameter  and  the  weight  of  5  ng. 
per  oolony  is  rapidly  reached  and  passed. 

Number.  —  It  constitutes  the  most  important  element  to  oompare 
r>the  sensitivity  of  the  two  media.  Mere  again  the  differenoe  is  all  the 
~  larger  between  our  media  and  Jensen's  mediae  as  the  cultural  difficul¬ 
ties  on  the  latter  are  more  pronounced. 

1.  For  bacilli  ooning  from  respiratory  tracts  in  free  communi¬ 
cation  with  the  bronchials,  not  attaoked  by  antibiotics  and  having  a 
nomal  vitality,  there  is  little  or  no  differenoe  between  Jeneen's 
medium  and  the  base  medium,  both  assuring  a  surface  culture. 

On  the  other  hand,  and  then  only  for  rapidly  multiplying  be  dill, 
the  oolonlea  are  definitely  fewer  on  the  BO  medium  ("sou*  caps*  culture) 
end  on  media  enriched  with  organ  extracts  ('double  layer  culture*). 

This  le  due  to  the  feet  that  the  nomal  bacilli  in  active  multi¬ 
plication  need  more  sir  than  s^plementary  stimulating  substances. 

2.  For  bed  111  of  extra -pulmonary  origin  and  bovine  type  be  dill, 
the  mm  bar  of  oolonlea  is  sometimes  equal  on  Jensen's  medlmi  and  the 
base  medium,  but  the  appeamnoe  of  maereeoople  oolonlea  on  the  base 
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medium  and  BO  ("sous  cape"  culture)  is  always  one  to  several  weeks 
earlier.  Besides,  the  size  of  the  colonies  is  two  to  four  times  greater 
(sheet  II,  Fig.  3  and  4). 

3.  For  the  bacilli  in  a  "state  of  quiescence,"  for  those  attacked 
by  antibiotics  and  a  fortiori  for  bacilli  deeply  disturbed  in  the  meta¬ 
bolism  —  bacilli  called  "visible  and  non-viable"  —  the  cultural  differ¬ 
ences  are  such  that  there  is  no  cuestion  of  establishing  a  parallel 
(sheet  III,  Fig.  5  and  6,  sheet  IV,  Fig.  ?  and  8). 

Actually  culture  on  our  media,  and  in  particular  the  "sous  cape" 
and  the  "double  layer"  cultures  can  yield  a  surface  colony  one  to  several 
weeks  earlier  and  give  a  number  of  colonies  two  to  ten  times  higher.  In 
some  cases  the  culture  is  positive,  while  it  was  uncertain  (non- 
transferable  colonies)  or  completely  negative  on  Jensen's  medium. 

In  conclusion:  the  viability  and  vitality  "potential"  of  bacilli 
coming  directly  from  the  organism  being  unknown  and  unforeseen,  the 
heterogenicity  and  the  heterotrophy  for  all  bacillary  populations  attacked 
by  antibiotics  being  the  rule,  the  single  culture  method  can  no  longer  be 
considered  as  sufficient. 

Also  taking  into  account  the  very  particular  requirements  of 
bacilli  disturbed  in  their  metabolism,  the  use  of  even  richer  media  than 
the  usual  media  and  varied  cultural  methods  (surface,  "sous  cape"  and 
"double  layer")  are  necessary. 

In  proceeding  thus,  even  with  bacilli  called  "visible  and  non- 
viable,"  the  cultural  failures  will  become  completely  exceptional. 


DISCUSSION 

From  our  personal  verifications,  one  fact  stands  out:  among  the 
bacilli  reputed  to  be  non-viable  which  are  reanimated  by  "sous  cape"  and 
"double  layer"  culture,  all  types,  from  sensitive  to  poly-resistant  can 
be  represented. 

The  qualitative  and  quantitative  study  of  the  sensitivity  to 
antibiotics  and  the  total  or  individual  catalistic  activity  of  the 
colonies  obtained  from  bacilli  apparently  non-viable,  testifies  to  the 
divorsity  and  the  heterogenicity  of  these  strains. 

The  hypothesis  acoording  to  which  the  bacilli  reputed  to  be 
"visible  and  non-viable"  would  be  a  priori  and  almost  necessarily  IKK- 
resistants,  is  not  oonfirmed  by  these  facts. 

However,  taking  into  account  that  resistance  to  INH  is  very  fre¬ 
quent,  it  is  completely  normal  that  among  the  "raanimated"  strains  we 
would  meet  more  IKH  resistant*. 
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On  the  other  hand,  it  appeared  to  us  that  among  bacilli  which  are 
difficult  or  impossible  to  cultivate  on  usual  media,  a  number  were  stimu¬ 
lated  by  very  weak  titers  (0.05  -  0.1  jxtr)  of  PAS  (para-aminosalicylic 
acid)  (probable  salicylic  effect)  (26,  2?,  28). 

Elsewhere,  the  revealing  of  quiescent  and  sensitive  elements  in 
a  population,  which  is  resistant  in  its  immense  majority,  is  not  sur¬ 
prising.  Likewise,  the  possibility  of  a  possible  selection  by  means  of 
transplanting  or  passage  to  a  guinea  pig  is  not  to  be  set  aside,  the  most 
vigorous  elements  having  precedence  over  the  others. 

As  for  us,  we  believe  that  the  reanimated  bacilli  are  in  the  image 
of  what  they  were  when  they  entered  quiescence. 

In  spite  of  appearances,  it  would  be  inexact  to  say  that  there  is 
the  possibility  of  a  mutation  of  the  avirulent  towards  the  virulent,  by 
means  of  particular  cultural  conditions. 

Clinical  evolutions  occurring  in  patients  eliminating  non-viable 
bacilli  which  we  bad  "reanimated"  a  few  weeks  or  months  before: 

a)  attest  to  the  permanence  of  virulent  bacillary  units  or  group¬ 
ings  in  the  heart  of  populations  reputed  to  be  avirulent  or  non-viable; 

b)  confirm  the  advantage  of  varied  cultural  methods  to  uncover 
these  bacilli; 

c)  invalidate  the  little  likely  hypothesis  of  a  mutation  of 
avirulent  bacilli  to  virulent  bacilli. 


(*)  V.A.-0E 

0*  r 


MIL.  INST  PASTE  UN 


Fig.  1. 

Legend:  a  -  Patient  BK;  b  -  Guinea  pig;  c  -  Jensen's 
medium;  d  •  Xnstitut  Pasteur  Hedivm 
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V.'ith  this  goal  and  to  remove  all  hypothetical  fear  of  a  return  to 
virulence  by  the  avirulent  strains  —  by  means  of  our  media  —  we  per¬ 
formed  the  following  experiment: 

Guinea  pigs  were  inoculated  with  BCG  (bacillus  Calmette-Guerin) 
from  Jensen's  medium  and  with  BCG  which  had  been  passed  several  times  on 
our  medium. 

Mo  difference  between  the  two  lots  of  guinea  pigs  was  noticed,  of 
brief  or  long  duration. 

What  we  can  advance  with  certitude  is  that  in  many  cases  our 
media  constituted  a  "relay"  between  the  human  organism  and  the  guinea 
pig  organism  on  one  hand  and  between  the  bacillus  laden  pathological 
product  and  the  usual  media  on  the  other  hand.  This  can  be  schematized 
as  found  in  Figure  1. 

However,  it  happens  that  inoculation  of  the  organs  of  guinea  pig, 
which  have  been  tubercularized  by  bacilli  reanimated  on  our  media,  into 
Jensen's  media  fails  partially  or  totally  and  that  "sous  cape"  or 
"double  layer"  culture  will  again  be  necessary  to  recover  the  strain. 


SUMMARY 

In  the  light  of  our  investigations,  it  appears  that  the  bacilli 
described  as  "visible  and  non-viable"  are  actually  bacilli  of  reduced 
vitality,  of  ephemeral  viability  or  "in  a  state  of  quiescence." 

Often  enough  surface  culturing  on  the  usual  media  is  insufficient, 
being  incapable  of  ensuring  their  development. 

To  remedy  this,  we  have  prepared  an  egg-medium  enriched  with 
oligo-elements,  pyruvate  and  glutamate  of  sodium,  and  ossein. 

This  basic  medium  which  is  mors  sensitive  than  the  Lowenstein- 
Jensen  medium,  can  be  used  for  three  methods  of  culture: 

1.  Surface  culture  (basic  medivn)  such  as  usually  practiced, 
assuring  the  development  of  bacilli  of  normal  or  only  slightly  reduced 
vitality. 

2.  "Sous  cane"  culture  (basic  medium  +  exuded  ossein  *  BO): 

a)  Protects  the  bacilli  from  direct  contact  with  air  in  the 
initial  stage, 

b)  Accelerates  the  growth  of  bacilli  of  extra -pulmonary  origin, 

o)  Reveals  bacilli  which  are  in  a  state  of  quiescence. 
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Ua.  a>  ?avors  °f  bacilli  with  greatly  disturbed  metato- 

0)  Stimulates  the  multiplication  of  "quiescent  bacilli," 

..  °J  ensures  the  reinitiation  of  bacilli  hardlv  ahi» 

Mosynthecis  jJLOtO^i  liLlto  (in  euinj  thlT«a”so„ 

considered  as  non-viable  until  today.  -  reason 

of  bacilli  &£?%?*" 
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Fig.  3.  F.r.  Surgical  sample  (tuberculosis  f  the  wrist).  From  left 
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to  right:  Jensen's  medium,  2  tubes:  negative  culture:  base  medium  (sur¬ 
face  culture),  2  tubes:  S  colonies;  30  medium  ("sous  cape"),  2  tubes:  16 
colonies;  3F3  medium  (nutritive  double  layer  culture),  2  tubes:  60  colonies 
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Fig.  4.  Child  L...  L.C.-R.  From  left  to  right:  Jensen's  medium,  3  tubes? 
negative  culture;  base  medium  (surface  culture),  3  tubes:  one  colony;  BO 
medium,  ("sous  cape"),  3  tubes;  9  colonies;  BFS  medium  (nutritive  double 
layer  culture),  3  tubes;  one  colony. 
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Fig.  5.  Mrs.  K...  Expectoration  (microscopic  examination:  2  bacilli  per 
field).  From  left  to  right:  Jensen's  medium,  2  tubes:  rare  colonies  at 
the  limit  of  visibility,  non  transferable;  base  medium  (surface  culture), 
2  tubas:  JO  colonies  of  which  15  are  eugonic;  BO  medium  ("sous  cape"  cul¬ 
ture),  2  tubes:  40  colonies,  of  which  25  are  eugonic;  BFS  medium  (nutri¬ 
tive  double  layer  culture),  2  tubes:  50  to  60  colonies  per  tube  of  which 
50#  are  eugonic, 


Fig.  6.  Mr.  C...  Urine  (chronic  renal  tuberculosis).  From  left  to  right: 
Jensen's  medium,  2  tubes:  one  colony;  base  medium  (surface  culture),  2 
tubes:  5  colonies:  BFS  median  (nutritive  double  layer  oulture),  4  tubes: 

80  to  100  colonies  per  tube. 
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Fig.  7.  Mr-..  V.,  Expectoration  (macroscopic  examination:  2  to  4  bacilli 
per  field).  From  left  to  right:  Jensen's  medium,  2  tubes;  2  colonies  at 
the  limit  of  visibility;  base  medium  (surface  culture),  2  tubes;  3  giant 
colonies;  50  medium  ("sous  cape"  culture),  2  tubes;  10  large  colonies; 
BFS  medium  (nutritive  double  layer  culture):  12  large  colonies  plus  20 
small  ones, 
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Fir.  8.  Mr.  K...  Expectoration  (microscopic  examination:  50  bacilli  per 
field).  1.  Culture  on  Jensen's:  negative  several  times;  2.  On  base  medium 
(surface  culture):  one  colony;  3*  Culture  in  the  presence  of  organic  ex¬ 
tracts:  2  colonies;  4.  Organic  extracts  +  Vit.  K:  150  to  200  colonies  per 
tube;  j>.  Organic  extracts  +  traces  of  P.A.B.:  4  oolonies  per  tube. 
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